Designing "liveable" cities as climate change effects are felt all over the world has become a priority to city authorities as ways are sought to reduce rising temperatures in urban areas. Urban Heat Island (UHI) effect occurs when there is a difference in temperature between rural and urban areas. In urban areas, impervious surfaces absorb heat during the day and release it at night, making urban areas warmer compared to rural areas which cool faster at night. This Urban Heat Island effect is particularly noticeable at night. Noticeable negative effects of Urban Heat Islands include health problems, air pollution, water shortages and higher energy requirements. The main objective of this research paper was to analyze the spatial and temporal relationship between Land Surface Temperature (LST) and Normalized Density Vegetation Index (NDVI) and Built-Up Density Index (BDI) in Upper-Hill, Nairobi Kenya. The changes in land cover would be represented by analyzing the two indices NDVI and BDI. Results showed the greatest increase in temperature within Upper-Hill of up to 3.96˚C between the years 2015 and 2017. There was also an increase in NDVI and BDI to study changes in land cover due to urbanization, reduces the time taken to manually classify moderate resolution satellite imagery.
Introduction
One of the important parameters in urban climate is Land Surface Temperature (LST), which directly controls the Urban Heat (UH) effect [1] . Voogt [2] stipulated that the properties of a surface govern the surface energy balance and in turn the temperature. In urban areas, the paving and building materials used generally have a lower albedo than vegetated areas. Urban materials reflect less and absorb more sunlight, resulting in higher surface and air temperatures. The albedo of a city or a town depends on the surfaces' arrangement, materials used for roofs, paving, coatings, and solar position [3] . The geometrical arrangement and the albedo of individual reflecting surfaces from building-air volumes influence the reflection of short-wave radiation [4] .
Data about the earth's surface over a wide area can be extracted from satellite imagery at high temporal and spatial resolutions. Changes in land cover, specifically vegetation health, have been carried out using near infra-red as the vegetation portion reflects highly in this range [5] . In urban areas where land cover changes from vegetated to impervious surfaces, thermal temperature studies are important in determining thermal comfort. Land surface temperature (LST) measured from satellite imagery has been used in deriving climate models, urban heat studies, at a local and global scale. Land surface temperature is sensitive to vegetation and soil moisture [6] . The use of remote sensing in land cover or land surface temperature studies has increased as it offers a synoptic and broad view over an area instantaneously [5] . Many studies have been carried out using NDVI to determine the relationship between urban surfaces and thermal temperature from satellite imagery [7] . When using NDVI, higher values are an indication of high vegetation fraction. The correlation relationship between LST and NDVI is known to be negative due to the process of evapotranspiration [8] . According to research by Voogt and Oke [8] , surface thermal characteristics can be described using LST. They also noted that LST, which replaces specific air temperature, can be used as a surrogate for surface thermal characteristics.
The aim of the paper is to investigate what impact these changes in land cover have had on the land surface temperature in Upper-Hill using indices derived from satellite products. Another aim is to analyze which indices would be a better predictor for land surface temperature. The hottest months in Kenya are February and March while the coldest is in July until mid-August. The research was carried out during the months of January and February due to availability of cloud-free imagery.
Data and Methods

Study Area
Upper Hill, is approximately 4 Km from the city center of Nairobi and it has seen rapid developments over the years. Figure 1 shows the study area enclosed by the larger red polygon covering a total area of 15 Km 2 , which is a 1 Km buffer around Upper-Hill, which is enclosed by the inner polygon and has an area of 4 Km 2 . Upper-Hill, classified as Zone 1E, with a ground coverage ratio of between 35% -60% and plot ratio of 150% -300%, has transformed from residential to commercial/residential/office space. Businesses are choosing to relocate their businesses out of the city center due to traffic congestion, lack of adequate parking space, availability of amenities, just to name a few. Land prices have also increased with this increased demand. Zoning policies were also revised to accommodate the rising demand of development. The rise in development has resulted in a change of the urban landscape, with urban greenery replaced by hard landscape. Karanja & Matara [9] investigated the areas under concrete in Upper-Hill over a ten (10) year period between 2002-2012 and it showed a percentage increase of 3.84% with a subsequent decrease in green areas. Land cover changes have occurred, with ground coverage and plot ratios increased to accommodate the rising demand for housing.
Landsat Satellite Imagery
Landsat imagery acquired on ( )
where DN 7 is Landsat 7 ETM+ and DN 7 is Landsat 5 TM equivalent DN data. The slope and intercept are the inverse of those described by Vogelmann et al.
[12] and they are band specific. The values were calculated by Firl & Carter [13] and are given in Table 1 . The values obtained were then used to calculate the Top-of-Atmosphere using Equation (2).
DN Values to Top of Atmosphere (TOA)
Spectral information is in digital number (DN), which has to be converted to reflectance values for analysis. Landsat 5 and 8 use the same formula for their bands which is different from Landsat 7. ArcGIS 10.4 was used to compute the Land Surface Temperature for both day and night time imagery.
Landsat 7 ETM+ consists of two thermal bands, 6a and 6b, obtained at 120 m and resampled to 30 m. Band 6a was employed since it has low radiometric variance and used in areas where vegetation cover is present. Equation (2) shows the conversion from DN to Top of Atmosphere (TOA) radiometric values for Landsat 7
and the results are shown in Table 2 : 
OLI and TIRS at Sensor Spectral Radiance
Landsat 8 consists of two thermal bands, band 10 and 11. USGS [11] recommends quantitative data analysis to be carried out on band 10 as band 11 is more contaminated by stray light. However there are other processing methods that one can use band 10 and 11 together such as split window. The 16-bit integer values in Landsat 8 can be converted to Top of Atmosphere (TOA) radiance using the equation developed by USGS [11] as shown in Equation (3). Table 3 shows the values from the satellite metadata used to calculate the TOA and at-satellite brightness.
where:
M L is Band-specific multiplicative rescaling factor (RADIANCE_MULT_BAND_x where m is the band number), Q cal is the digital number, A L is the band specific additive rescaling factor (RADIANCE_ADD_BAND_x where x is the band number).
At-Satellite Brightness
To obtain the at-satellite brightness, Equation (4) 
T B is the satellite brightness temperature in degrees Celsius, K 1 is the band specific thermal conversion constant (K 1 _CONSTANT_BAND_x, where x is band 10), K 2 is the band specific thermal conversion constant (K 2 _CONSTANT_BAND_x, where x is band 10). Data outputs were exported as Geotiff imagery from ERDAS IMAGINE to ArcGIS 10.4 for further data analysis.
Emissivity
To determine the Land Surface Emissivity (LSE), NDVI was first computed using the reflectance values of red and near infra-red (NIR) bands of the Landsat image. The 16-bit integer values in Landsat 8 were converted to Top of Atmosphere reflectance as shown in Equation (5) [11] using values indicated in Table  4 .
where: ρλ′ = Top of Atmosphere (TOA) planetary spectral reflectance without solar angle correction and is unitless, M K = band-specific multiplicative rescaling factor (REFLECTANCE_MULT_BAND_x where x is the band number), Q cal = the digital number of band_x, A K = the band specific additive rescaling factor (REFLECTANCE_ADD_BAND_x where x is the band number).
ρλ′ does not have the solar elevation angle correction hence it is not the true TOA. Using the solar elevation angle from the metadata, conversion to the true TOA is done using Equation (6) [11] . where: ρλ = top of atmosphere (TOA) planetary reflectance and is unitless, θ = solar elevation angle obtained from the metadata. NDVI was then calculated using reflectance values of the red and infra-red bands using Equation (7) NIR R NDVI NIR R − = +
Equation (8) calculates the vegetation portion to obtain the LSE as shown in Equation (9).
NDVI
= maximum NDVI, where the minimum NDVI is the value for pure soil normally given as 0.2 and maximum NDVI is the value of pure vegetation given as 0.5.
LSE is then computed using:
0.004 0.986
Land Surface Temperature
Using the at-satellite brightness temperature and the Land Surface Emissivity, LST was computed in degrees Celsius as shown in Equation (10).
( ) 
Calculating Urban Indices
Normalized Density Vegetation Index
This was calculated as indicated in Equation (7 
Built-Up Density Index
The Normalized Density Building Index (NDBI) density index is analyzed using the difference between reflectivity within the mid-infra-red (MIR) range and near infra-red (NIR) band range as in Equation (11). This is a dimensionless value where bright values indicate high density of built-up areas. NDBI was developed by Zha et al. [14] as a sensitive indicator for built-up areas.
MIR NIR NDBI MIR NIR
Built-up density index (BDI) is a novel method that was developed by Lee et al. [15] whereby urban areas are extracted with accuracy of 92.6% and it uses the difference between NDVI and NDBI as shown in Equation (12) .
BDI NDBI NDVI
= −(12)
Results and Discussions
LST, NDVI and BDI analysis was initially undertaken at a resolution of 30 meters. Values were averaged to obtain 90 × 90 meter pixel cells, which were then converted to point data in each cell. Averaging was done to obtain the average value of each of the indices amongst nine pixels to increase processing speed and easier interpretation of results statistically and visually over the study area.
Land Surface Temperature
Land surface temperature was analyzed from different months due to availability of data. In 1987, cloud cover in some parts of the study area affected the land surface temperatures recorded after the analysis. 17.79˚C, and the lowest occurring between 1987 and 2002 with 12.22˚C. Overall temperatures had increased during the years, with the greatest temperature increase in parts of Upper-Hill and surrounding areas towards the north and western areas. However in the Central Business District that is located east of the study area showed a decrease in temperature. These changes in land surface temperature could be as a result in an increase in impervious surfaces which absorb heat during the day. Night-time land surface temperature in this period would need to be analyzed to determine whether there is an expected increase in temperature in these urban areas as they radiate absorbed heat.
Normalized Difference Vegetation Index (NDVI) and Built-Up Density Index (BDI)
Normalized Difference Vegetation Index (NDVI) indicates the health of vegetation at any given time during observation while built-up density index enhances built-up areas more than normalized difference built-up index (NDBI). These two indices were used to examine temperature variations and also determine their relationship with LST. where vegetated areas were replaced by impervious surfaces. These areas are a great storage of heat hence absorbing heat during the day and releasing this heat at night.
Minimum, Maximum and Mean Values
Regression Analysis
LST, NDVI and BDI raster imagery were aggregated to 90 × 90 meter cells for statistical analysis in ArcGIS. In 1987 due to the presence of cloud cover, the data values were excluded from the analysis as these values were outliers and would have affected the model. Linear regression was carried out for all years, with LST as the dependent variable and NDVI, BDI as the independent variables. Figure 6 shows the results of the scatter plot and the regression line while R 2 values are in Table 6 .
The scatter plot showed a negative correlation between LST and NDVI and a positive correlation with BDI in each of the four years. A histogram of the residuals indicated they had a normal distribution. Table 6 gives the results for R 
Conclusion
Cloud cover and cloud shadows within the data set may have affected the output results as areas that were covered by cloud were omitted in the analysis. These areas could have had important information that would have changed the ranges in temperature, vegetation or built-up indices. Minimum and maximum land surface temperature has increased indicating a change in climate as the study was taken over P. W. Mwangi et al. a 30 year period. Linear regression indicates that BDI is a better predictor of LST than NDVI, however the model values also reduced with the decrease in temperature, indicating that there were other factors that were affecting land surface temperature. Results showed that understanding effects of changing land cover over a specific area enables mitigative measures to be determined, rather than analyzing a large area that has different geographical conditions. Future work will focus at comparing night-time and day-time land surface temperature to determine the aspect of surface urban heat islands.
